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(54) HIGH-SPEED ALPHA TRANSPARENCY RENDERING METHOD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To quickly render opaque objects and 
transparent objects or only transparent objects by first 
performing rastering and o: mixture of all backward- facing 
primitives and performing them of all forward-facing primitives 
of the transparent object. 

SOLUTION: A circular transparent object 300 consists of a series 
of primitives 302 appearing as edges on this plan. The circular 
transparent object 300 is processed in two passes. In the first 
pass, rastering and a mixture of picture elements of all 
backward-facing primitives 302 (on the A' side of an imaginary 
line B-B' which have face normal arrows 304 approximately 
directed to the same direction as a direction arrow 306). In the 
second pass, rastering and a mixture of picture elements of all 
forward-facing primitives 302 (on the A side of the imaginary 
line B-B* which have face normal arrows 304 approximately 
directed to the same direction as a direction arrow 308). 
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(54) mn<D^m nmamm^v>'^^)>{fm 

(57) 

*7t. mm^^mi?^(D^^X(D^^\^i<D-:/') ^y'^y^ 
y:^^itRXfam^\^. ^(0^^^<Dmm^i^(Oir^X(D 

tc. z'y<yyr^m\^^X->'->'\^(D(^i^(Di--<X(DMctiil 

yr^(Oz-mc^l^^^z-m^^'t^'t^X(Dy]) ^"r^c 
yib^^m^ tiy \y-J^y<^y yr\cm^ti^:itKJ;:^^ 




yxh-^x. (bi) trFfez-^^'y:7T-^o§#iz,;9^<^^t6 
(b2) ntimmm^j:mf^(0'r^X(Dn^i^ 

t^f^»(D±x<D^\^^(Dyv ^'r^y^y^^i\:i.x^ 

:^XXf (b4) ^ «9 O^fS] t ^0:7' y ^ 7^ ^ :7'(Z>iil 

^ ^mm-y i — j>.y< y y r i^^^stneu^-T"- ^ t 

yyi:^tsy^y'yyt. 

(c) mnmm^j:mi^(Dm^':^\) ^y'^y'^mm-r^^ 

x y^t^fooT. (cl) Htii2z-/^:v y^r--C>##iZ^^$: 
^Bgib-r^;^^^';/^^. (c2) ftll2SP.^?:^^«5:comIie^f^3 
#cD:/y ^x^:/^3SSiJ-r (c3) miieigM 
f^m»(D±X(Dm{^^<OzfV ^"r zfi:^ i\:.\^Xtf[ 
f^t^y ^7^^:/®*?:^*!). Hfrf5tfl[^t>^y ^^^y 

iiii#co?i!iSiB:;j»5gijf2gtjf^t^y ^T^^mmtm^^m 
i'r^y'mm(D'r^x^mm-r^:^ 

T-yy. ^^Xf. (c4) m^(Dw]\^^(D:f^J^y'^y(D 

mj^Ly"-^ ^mtd.y i^-j^y< yyr ^(omummff-^ 

m.^^f\.fzM'^y'-^^w\^y\^-J^^'^yyr\^^^^:^ 
[0 0 0 1] 

['^P^^coMf 5S*&5J^iF] *:^0^lt=^ Vt'^-^v^^T^ 

P>^(1=3 ^e^ — ^ v'>^'ri>.i^co^^:7^ y^:^y'^:^-f 
[0 0 0 2] 

ta^f yy>( ^.y" ^ Ts-fx^^mL^^.^f^t uri/^^o 



sfe*^^i6-cfeoyti/7 7^ !/^<o^^,ai5s<tu^^>- 
<t o T t> iliS i±l60fp]±7)5 1> ;rc b $ 

/to 

[0 0 0 3] SP^^'.^^f^^ou^-y y >'i/fifie3fe^>'t'a. 

- ^ 7 :7 ^ :y ;^ {C V ^ Tl^;:: ffiH FnIM -C^ O /Co 

v^^i$*?**r/^=ryxi^^^^v^r^fnct>tt'5o z- 

[0 0 0 4] z-y<yyTT/i^=^V XA{c::}oV 37 u 

- 5/ >^ T «c:«-iB*cofefiI;55|5ti$ z-v< 5/ :7 r 

:y X(C:iol NT. y U~ :y :7 r ft&{c:?U^^^ $ 
tt. z->'^:y:7rii0(c:Si^^S$n^o m^t^y 
^1S:(r>mi^xyi^—j>^^<^yyT\cmhix 

yr\cn)^.'t^=r.:y h y ^^-r^z-^^ix r^^jUm^T^ 
z-ffiSrfSKi"^. fc^®^<^zHi:ftfc5^fls:<^iij*^5*> 

ffi) t^h^x{^(OimW(r)m\:i^^t^'ik^\^^^f)^^^ 
[0 0 0 5] pim®y hffi5felil{iryu:=ry Xi.(cJ;o 

^(omm%w^^<r>z-m^^^x'^m^k\^. "^w^^mz. 

m^xy\^-J>^y<yyr\z,mhic\^^. mm^z.(r:>^m^ 

So 

[0 0 0 6] ^«®y ^ hffi5fe)i|H&T/u=ry Xj:.tiS§q 
LTPainterCOT/U=i^y Xix;iS^«9. mi^?liiS5^Sr 

yi.=f y XA-efeSo ^^t^(Dmm^^i&'r^z-y<^yyr 
im^^^xii^m^y^^it^in. m^h«i-^t\^^ommc 
^m^ti^o ;h^^w<oz'mtm<o^t^(Dz-mtm^j:^ 
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[0 0 0 71 ^^;6^^r/u=i'y XA^(75igP^/^i^^<^2SA 

^^mm(o (x. y) r Ku;^tcgB#.#jt<b^xytif 2/ h 

^i^i3(;:>iot*.;^ Yt>^pt^\^^^}i^ ^<Dmw\±^K>^m 
\fy v^:^^m^t^^^(ommKf:>fz,^xfm'r^:Lt 

fcSiil^(Oaffi[;5SO"Ci5S<»:#. r^x«-?:CD®^;a5^^ 

[0 0 0 9] ^<D:fymt LT«. i^—>\>^(Dmm^^m{^ 
t:: gE i:: A o T V ^ 5 <i: im^^ ^ 1 1/ ^ 9 ^ o ^ ^ 

[0 0 10] Mtc, z-/'<3/:7TS<o^/';^T'-^^twi3^/^Ta 



^x<Dmm^imm^nL>xz(Dmm>nn^ti^. ^<o 

:fo^J:U^z-^<^y:7rf^O^S^<^:^'g^$^^^o ^S§^z-/<:y 
ft{c®#^x.e>n. :7^^tf:y h;05yirty h^n^o 

[0011] 

[0 0 1 2] ]gp^/«e^fr(7:)u>'^y >'^(cjo{t'5. 

(Dm»<Duiy^v >'ymi^}^^(Dmm^tLxit. 

^5>^i-:Jb^V>r:/y ^T^^y (primitive. m:^mm 
tm^tl^-m(D7i<]) =f^^ (polygon, ^^m) (C^^^f 

^<?53*»::^fflc:t?fcoT;>^;{»*'5:/y ^T^^y^ lo 
lo^^-r^o #:/y ^x^rT'fi. -^cor y ^^^^ ^(T) 

^ti^^*^. ^i^(Di\k(D^^^{c:}s\^^x\tRM(om^x^m 
i>ff)*-iE\^<m(D^^(Dm^nn7i)>m^x\^^^rzif>. z(d 

[0 0 13] Ufc^^oT. ^ag5>^(cii3i>rii5p°aK<7)iii 

s^t^^iits-c^^L. TT^y <5r-v3 >col^^Tlcs-r 
')i^^mi)*^!iL^wt^tix\^^^zt\tmht^x^^o * 
^^(Dm^x^mr^z,tfi*^'Si^mt^tix\^^^o 

[0 0 14] 
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[0 0 15] *^^cDteoffi9ffi{^, mmm7!k'r-<^mm 
[0 0 16] :^^^<D^ h\zi^<Dmm^^. 

So 

[0 0 17] :^^m(D^tzi6i(omm\t. iiM(o^t^(om 

[0 0 181 :^^m(D^h\c{^(Dmm\^. z-^^y^r^ 
[0 0 19] :^mm(0^h\z{^<ommvtz'y<yyr^^ 

[0 0 2 0] :*^^9^co±IBco^{|(MioJ:Utj^cote<^{|'M 
[0 0 2 1 ] :^^§^(^^c^||^g^^{c4^^^T^t^-^<y7 

>^(D't^x(D^mm^j:^i^^*^Mimc^m^ti. ^(Dm 

•So 

[0 0 2 2] :^^m<D^ bicmcommmm^^m^xn. 

z'y< yyr ^M\^^x-y—i^[^(D^ii^<DT^x<DWcWi:fj(0 
^"r^ytDm&mm^^ff^^ti^o z'y<yy 

2-y< 2/ :7 r ^(Oz'WiZ^ H/^z-ffiS:W't"Si"-<T<o:7' y 
[0 0 2 3] 

^-i$^>';^xAi00Ji*aS^^102SrW"rSo toSil^io 



2ft 7- Ay< ;^ 104 L r = V f ^ - ^ X i:. 100 
-fi = :xtr3.-^i^>^7^AioofcWfflSrA>3i-Sc: tt^^ 

St"— ^St^SfU, ^i^^fzt— v-;^xAioot;ii: 5^ 
;55<t«oA;'jtc^iNe>tb. ieig:$gMil27&s=3 v^zr-^j^ 

A 1001^ <?5 -7=^— :^ *3 J; t;5:7- n ^ ^ A (7) letSfC ^ V N 

-^r-v-g V122. $sxx/:^^m<Dmmi±\^>y\) 

ZAU^i^-t^o S^14l^>'^y >'^ftl24fti/7 7w' y 

[0 0 2 5] m2{z\^:^mm^w^xnmm^W(D3y< 

SBJttuv^y Virjfei24tc:^^tL. ^-if-r^y-^ 

— v-a V122(Cj:oTl^U^tB^nSo !a2(Ciol>r. 7" 
n s/^202"ef^ 1 <DxN*j^fcJ:oTiX— XT^-r^TO^S 

^iJ'^licFix. 't^x<Dm^<Dm^^z-y<yyri2e m 
1) A/^-/7rl20 l ) \zmhiv^o 

[0 0 2 6] yn^y^204X. m 2 <Dy<:^{zXoX^-rz 

^x(Dm[^^(D':fv ^^^yr^mm^ti^. 'r-<xcom 
[0 0 2 7] m3!iznF]M(Dmm^moo(DW-mm^7jk 

Vt^X^m^^<j5:U't^tzisbi,zX^^<<o:f]) ^y'^y 
(0 0 2 8] #^y ^x^:/302OjE®Sr#>^y ^7^^- 

^^^*^:^\^^mio(D:^\^x^^t^. F^m<Dmm^m 
oo^i->yv ^^^f^^mmco^mti.xn. -t'v^^^ 

:/312^^^i: LTRJf^coS0>^^*3OOco:/y ^y'^y'^ 
lolo^^oTlKo ®i^i^j^SI304;J^;^f^^3l306<h 

^Xhotz^V ^y'^y'\^. mz^j:\^::L-xn^<D{^t 
[0 0 2 9] RJI^COSP>^i^f*:300^:/y 7^>f ^312$rfi 
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it^fh. {^(O^^\t,^^p^C^m^t\^^0mf¥'Q (A' t^hk 

[0 0 3 0] :i(Dmm^m^i-^tci^\^. :^mmx\^Fi 

m(Dm^M^t^:^00^ 2y<P^X^m't^o f^l<Oy<:!^X\^ 
X7^i^it^Xrjam^^m^J:t>tl^o m2<Dy<:^X\^ 

'r^x<Dmi^t<D:f^j^7'^y302 cn^^^^mmm^ 
B-B' comi<o'y]) ^'r^y'302xi>^) (om^icni'X 

^ y<D-r^x\cM\^x^^>ibW!--^(omffH^i^ 
s^%«s:^^iis'j$n^o 'r^x<n'^mmm^<omz^^ 

[0 0 3 2] [a4tcfiiJ^^:7^ -/iJ^y<;7^^>^:/u^±-e 

[0 0 3 3] ifeflC402W:^«c404*5ctT/408<?5— aS<D±JC 



^^^'So ^^2^408^l^tilo^^i^^cr)±{cm?'c^o-cv^/^l^ 

[0 0 3 4] ^S^^^^#j(*:402OSmr*^Offi410tl. 
404^^U^408(O-?:OT«c fe S SC5>4r^^tcgH. ^lig L . r co 

[0 0 3 5] ^**:406CO^fi!)<7)SlS*60®412t*fiyoS 
M*<75®414J^ite**c408co^<*:406coTic/i:oyta5^Sr^ 
^® U/t o T^(^406(D:fettlJCOg^:^(D®4 
YVit'^'^ftWSrQ^TL^. i|^«^406tO*fiiJcoSB^*'c^®4 
14f;iS§^/c^^ft^404Ol:BrI*O®416S:iiUT^;t. fefr 

[0 0 3 6] i^<^408COSSfi:^CO®420fi^iiJ^CO a flS(C 

j5;;DAcJKfi|-e^;tSo i^ftc408(7^^Sfi:&</)®420(D— ^(t^ 
±^c:^feflE404<oSg^I:fro®4l6;5sa/i^orv^5o itei«^404 
oS^:^(7DBa4i6(7:). ^<^402<7:>^^:^co®4ioioJ:t/i^ 

<*:406CO&#JcOgtfi:^COS412^*-{RiJ(^*^;^coS414JC 

Sttr Wj: V ^^{z(^408co^M;^co®420ica/^ ^ 

^-g-tJitr^^r^i-o ®^^418(i^(^404t^^408O€-iii 
[0 0 3 7] ia2tCMoT. •^X2>yi7 20%X\t. ^Z<r> 

*fiI;5StE^$tt5o ^<?:)3S*t&e>n/S:®*ofe<ii[;iS|il4 
[0 0 3 8] :i0 3/'^^>^— >'i/ffif^se*<^> 

-~>u>->/y ^/i/?£f^. -r^x<Dm{^^'ikt^hw\<D\m^ 
x^m'r^'^^(D±m&^m\z\^^x^ i oi^jg-c^ 

[0 0 3 9] m5\^n^^m\zgh^mm^{^(D2y<y^\y 
>'^^)i^^m(r>—'mmMm<r>y^—^^—v^^'to ^ 

co;^ftfiSlltti^>-t/y :^^fel24(r^^n. *f- 

TT'y v-a >'122tc:J:oTf^t/tli^tL5o El 5 
i-J: ptc. 5^^57502-^^ 1 (7)/N*;^|:: J: or z-^'^yv' 
r-^<^S#ii^?i>5^t^^b$n^o 1-'<T<7:>8tjf^t<7:>^y 

ry ^7^^y;)5|113 4:#RSLT±«caS^ifeJ: ^Jc^^^?' 
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[0 0 4 0] ■y^^y^^^\X'm2<r>J<7s\:i^oXz-y<v 
^a:>^-<X(om^ # o >^ y ^ 7^ ^ 3 «r#M LT ± 

4 ^#sa bT±{ci$-<^ J: 5 tc:7 a/-^ y-yy (ciS|P> 

[0 0 4 1 ] (D 6 {-{^*:5IP.^{;i«^SI?^?:f^^(0;?f u 

ti. ^ti.{cioTi:/-VF^coi^(*:o^fri*'(7):7^y 

yco v' ^ n^o w (Oy<7.\^mv^^ ^ ^ ^ fh:-*- 

[0 0 4 2] :y^5^604■C|g2co^>>^^C,toT*-fz- 
^ -t--<T <D t> u >' y y >^ ^ 

[0 0 4 3] r/ci y^^606-cm3^D^^•;^{CJ;oT*i•z- 
y<^y7x-^cO|§^€^i2i^:05;f;|g>fl:$t^^o 2^i-> ^(Dmn 
<Dz'^tH-/<y y rP^<Oz-^t^\^^^^{^(D^--<X(Oy 

[00 4 4] m7 \zYx:i^^m\z.m^m^t^m{i^<o^i u 
v^y >-:/i-$4x<^ffi<^-iiigj^ffi<D7c3-^Y- h 



^— t^*— r>^y >5r— v'a >'122tCj:ori^U^ti5$n 

^r>x-y—:y'^(DmW(r>ML^:>f<o:f^) tv- >(zf<D\yx./\^ 

[0 0 4 5] y^^QAxm2c:>y<y^\z^^x^^z' 
y<yyr-^(on^]h^t^^mit^f\.^o ^\^. ^<omm 

co-r-^rco^f^^:/y ^7^^':/75>^i2i^$n6o uvyy 
>^i/-t-^#2l^/^i^f$:<7:)-r-<T(7>^[^^<^:7'y ^T^^r:^" 
(Oam.^m\^^x^mf^fi^P^(r>mm<r>^fi^yU'-Msy<>yy 

m(r>^m,tm 4 \^x±.\zm-<tz x,oKy u- 
^£K$*</^^(*:coi--<'Co^{^^co>^y ^ 7^ ^ >^<o-r-< 

[0 0 4 6] :/n :y^^^706-C^3^^/^^^{vlJ:oT*-rz- 
<Dz-^tH-y< yyr F^coMiJ;-t-5z-M <i: ^ L < i 

(D'r^x(Dm\^^(Dy^j %'r-(ytmmtf\.h^ 

y Vi/-r-<taw^i:ife«coi--<TcogjfR]tcoyy ^^^-f 

yr^(r>'^^(T^mmm.hm:.'^^K^^ ^co*sm^#^^nfc 
z-^^/ >^r(C3^e>tLSo wtL(cj:or. fj:*rcov^a:/u60gB 

5>^^^^<^V^^{^^7)•t--<T(0BU^PltO7'y ^7"-<:/<o^ 

[0 0 4 7] :/n 5/^5^708-0^ 4 <o/-?;^{c: J: or z- 
(r>z-m.iiH-y< yyy Oz-ffl <ir ^ U V -^T (D^Wf^^M 

co-r-^TcDifeifzic^^y %'r^-f(r>am.^m\i^x'm^fimv^ 

<r>mn<r>^t^y u—j^y< yyr rtco^ftcoiii^ffl<!: 
i--<X(7:>mtt]:^(D!mm^i^>yv >^^ti^o 

[0 0 4 8] ^fc. COS/— V-UViJ^y >:/?£tl, 

u>'^y>^$tv, zti\zx^ox^mmt^n^{zx 
[0 0 4 9] :^^m\a^. 0^ti.x»i(DXo^^mmmm 
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0/i^>i< <i:t-g|${C*5ft5S§^>iifefr (404, 408) «rU 

(a) mitd.mm^^^»(Dyv ^^r^y 002) ^^n-r-s 

^^y' yZf^h^X^ (al) z-^<:y 

(502) . *(a2) fiiTfeSW^ifefrOi- 

-<T(7)^fS]#(75:/J>-^x^7'$rilSU-r^;^7^:y>^ (50 
2) , (a3) ntimmm^j:mt^(0±X(0^^{^^(OyV^y' 

y\y—j>.y<^yyr\::^^^'r-yy (502) Sr'^tp;^^^/ 

(b) mmmmK^:f^»(Dmm:rV ^y'^y 002) 4:^3® 
"r'5^7^5/:7'-c*?or. (bi) ml^z-y'^y:7r^<o9^ 
I2^^^^mit'r^:^y'yy (504) . (b2) wi^mmfj: 

-f (504) . (b3) tffiBS^7:^^flsco±rtoBfir^to>^ 
y K'r^-:f^^:^^\\L\.xm^^y^) ^7^^>^®^$r* 

iJ'Sraili'&LT. fil5^;^i$^>ft:$ 

~^^itrlB:7 :7r i^a^^^^xs/:?' (504) 

[0 0 5 0] (2) =i>'ezi.— t5^ix;;^y^^p^-Clllfl^^^ 

4. 408) ^uvyy :/^i-^;^fe-Cfeor. (a) fiis 

^^.iryzt (602) -TfcoT. mrie^^^fbfi. fijias 

i--<r (75:7 A/< y y T^—'^^'^m-^'^ r <!: ^-g-t? 
^^x.xT'c!:. (b) w\^z-^<yyr^<Dm^'ihh^^^^ 
m^'&WifmW^^y:^^{\L\.. ^l5®iROz-Mds 
^ISz-^^ yyr^ {cisti ^ Hfc^iez-iitc^ L < i/ ^ <h 
^ ^12 7 ;^ ^ $ tu^iSBJ ?i^{*:<^iii^<^iij*fe7'— ^ ^ 
ai?S^-rs:^7^ 5/^ (604) .h, (c) ifllEz-/^ 5/ :7 r ^ 

m^T"—^ ^ oLWi^^^:^y- (606) ^-^€^^^7^2/ 

[0 0 5 1] (3) ifria (2) \zj^m.<nys^yzf (b) 
o«i:)«9{c, (bi) «rfez-^^5/:7T--(OS#ii;9^$:^|g 

^y:^^it\^. wimmm(Dz-mtm^z-y< >y yri^kzm 



:^7'yy (704) , (b2) Hfrl5z-^<:y r-^coH 

ry ^7^^ >^^7:^^fbL. tfrl2®^(7?B9ISzHit;d5mII5 
z-y< ^yyy^ tCfStt * tL/cBftlBz-ffitc^ L < /.^ i ^ <!r ^ 

iB7:^^{b$n^mrpj#<o>^y ^y'^':f(omm(om^'f 

-^^a^^^'t^y^y'yy (706) Sr^^Tt- -5 Z ^ Sr-& 

tftirie (2) iB«o:&fto 

[00 5 2] *:^WO»iiS>SIIJfe?i^«iSrlfeM S 

<. ^m^^(o1&mi±^m'm^(D9im{zx^xm^$tl^ 
i>(ox^^o 

[1112] ^iS^/^i^^J:Xfm^^»cD 3y<:!^mm.^(oy 
[113] mmmi^(D'i&f^^<Dz^v ^7^^:^joJ:u^mjfp]t 

[US] S§^^*C0 2/^^^m^(^>'n-^i.- hr-fe 

[06] mm(i^iii<D3y<:^mm.^<oyu-^^-hXh 
[117] l&m^ii^<o4y<y^m^m(r>ya—^^^hxh 

100 =i:/bf:x— tJ^cx^T'i:^, 102 ^mwM. 104 

S^y^xAx-?:;^, 106 ;je—K. 108 

110 ^yy ^ y^ y^y^^ y^yi^^ ^ 112 
IBti^a, 114 ifyy^y^TsT^-^'y^—^. 1 
16 ;?<^y, 118 7^-Oi/v^;:^xA. 12 

0 y \y—J^y^yy r . 122 ^ — if — T :/ y v- a 
124 S^ti 1^:^:5^ y V^fe. 126 z-^'<'y:7 

r. 202. 204, 206 ^mm^w^ ^xim^hmw<o z 
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